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ABSTRACT 

Drawn from d survey of engineering departments known 
to be t^aclxing. micf oprcjcessor courses, this paiper -shows that the 
adoption of microprocessors by Electrical Engineering Departments has 
^been rapid compared with' their adoption \Df, minicomputers • The types 
'of courses that are being taugjiit can^be categorized as: surveys o£ 
microprocessors r intensive stady of one microcomputer, inclusion of 
microprocessors in a general* course , project courses, vand specific 
applications courses. (I^H) , . / 
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ABSTRACT 

This paper prieisents information on the types of nniicroprocessors and 
microprocessor courses characteristic of U. S* Electrical Engineering 
departments in the J(,974-1975 academic year; Much of the paper is drawn 
from a |urvey of departments known to be teaching microprocessor courses. 

The paper shov^^ tiiat the adoption of microprocessors by Electrical 
Engineering departi^ents has been rapid compared with th«ir adoption of 
minicomputjfers. Predictably, Jntel eight -bit microprocessors predominate, 
p.epartments use a variety of hardware arid software support systems with 
software written\ithin the department prevalent. The types of courses 
taught can be categorized as: 1) surveys of microprocessors, 2) intensive 
study of one microcomputer, 3) inclusion of microprocessors in a general 
course, 4) prbject course^ and 5) specific applications course. 



• • . . INTRODUCTION * _ * 

^» ^ The growth of microprocessors in U. S. Electrical Engineering depart- 
/ ments has been extremely rapidj paralleling, the rapid growth of sales and - 

supplications of .microprocessors in iAdustry,^ As is generally known, Intel 
, alone sold more microprocessors last year than ail computei^firms sold 

computers of minic6mput^r size and upi One of the best measurps of the in- 

volvemeBft of -Electrical Engineeriijg departments with microprocessors is 

* ' .'' * * . 

their use in courses. Start^^pg with a dribble of courses two or three years 

ago, largely taught by industrial personnel frojcn the semiconductor houses, * 
p ' * ', * • . 

the number of schools teaching courses based on microprocessors has 'grown 

, to an estimated 20 in 1973-74 and an estimated 40 or more in 1974-75, As 
ghown'in this paper, some of these schools are teaching two or more courses 
based entirely on -microprocessors and three or more that are at least paj— 
tially base^ on microproceseiors. This rate of adoption is considerably ahead 

^ of the rate of adoption of minicomputers fai Electrical Engineering departmients. 
This paper attempts to survey the types of microprocessors and the types , 
of microprocessor-based coiu'ses^in Electrical Engineering* ^ieparlments in 

^ 4 m ■ ^ 

1974-75 with some preelections for 'l975-76. It is based in part on a survey of 
Electric*al Engineering Ndepartmehts^ Those departihents surveyed had re- 
sponded to a survey previously conducted by the Education Committee of the 
IEEE Computer Society with a statement that they were teaching, about micro- 



processors or had microprocessoj's in their departments. A short letter in- 
quiring about their use of microprocessors was sent to approximately 30 such 
departments. Replies--usually coura^ outlines with a letter of expiration-- 
were received from the 11 schools listed in Appendix A. All statistics and 
courae outlines presented in this paper are drawn from these schools. How- 
ever, the author has drawn freely from conversations with faculty from a 
wide variety of schools and visits to some other departments to supplement 
and flesh out the detailed information and to draw conclusions. The author 
gratefully acknowledges help from the responding^BpiioolS'and from mdny 
others. 



, EQUIPMENT 

• • / . ■ •, , 

An important consideration is the types Of microprocessors which Elec- 
trical Engineering dei)artments have obtaiiibd or are considering. The Intel 

. ■ ^ ■ ' " \ 

eight-,bit microprocessors are clearly dominating the market to date, both in 

/ 

e schools surveyed and in other schools known to the author. Departm^iits 



^at purchase(i their microprocessors relajtively early usually obtained the 
Intel 8008; departments that-ebtained them within the l&st year usually have the 
Intel 8080. Departments that are considering microprocessors now are about 
as likely to .want the Motorolia MC 6800 as the Intel 8080. The microprocessors 
reported by the surveyed departments are simimarizi*a in Table I; some depart- 



■ « 



• ; • ... . ' ... 

ments reported two or mdi'e microprocessors and spme reported none. 
few departments reported that they were given microprocessors or lent , 
them, usually by local industry* Substantial discoimts are known t(03e avail* 
able from dome .semicQilductor* houses. Both factors have probably facilitated ' 
the rapid acquiring of. microprocessors? their very low cost relative to the 
cost of early minicomputers has helped even more in these days of low de- 
partment equipment budgets. t * . 
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Table I 

Microprocessors in Surveyed Departments 

In House 1974-1975 ^ Expected for' 1975-1976 

Intel 8008 4 Intel 8080 2 

Intel 8080 5 - Motorola MC 6800 2 ^ 

Intel 4040 

. Motorola MC68001. * ' A • , 

. RCACOSMAC 1 

Some departments reported more than one mlcroproceesor. ' 

>• ■ , 

^ Hardware and software supiiort for microcomputer systems are important 
^ in determining the sophistication and fl^ibility of a systtfm^ Most departments 
that used the Intel 8008 or aOBO used a commercial hardware support system, 
such as the Intellec 8/80 or the Altair 8800, a new, low-cost system. Hai*dware 
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support for other microprocessors tended to be constructed within the de- 
partment^ possibly reflecting the fewer alternative commercial systems 
available for other microprocessors. Prototyping hardware systems re- * 
ported by the surveyed departments are shown in Table E. ^ % 

\ ] ■ 

Table II ' \ 

Jprqtotyping Hardware in Surveyed Departments 

■ / - " • • . 

■ Altair 8800 ' y. 2 
Control Logic IDS Sy^em (8008) 1 

- ' Intellec 8/80 . ' 2 

^ ^ Homemade o ' 3 

Information on software development systems is more difficult "to categorize. 
Departments make good use of cross-assemblers, most of whicji assemble pro- 
grams on other computers eitlier in the department or in the university rather 
than on commercial time-sharing services. Presumably most of these cross- 
assemblers werei written either by faculty or by students for projects. Cross- 
assemblers for tiie Intel 8008 or 8080 wer^ reported for the PDP-8 (3), aiKi 
PDP-10. IBM 370. and Varian 620L-100 (each 1). Some departments also re- 
. ported substantial use'of pL/M for the Intel microprocessors, using compilers 
on several larger computers. Other depa,rtments simply reported use of the 
manufacturer's software without suppljring details. ^ 
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" COURSES ^ • ' . 

'^Courses reported byihe responding departments can be clasBified as: 
1) Suryiay of microprocessors ^ . 

. 2) Intensive study of one microcomputer . 

3) Inclusion of microprocessors in a general.course, 

4) Project course " ^ ' ' . 

5) Specific applications course ' . ' . 

«- • ■ / V 

'Survey pf microprocessors , ' • * - 

Of these, the survey of microprocessors ^course predominates both in the 

responding departments and in other departments with* which the author is 

familiar. It is perhaps the easiest course to teach and can readily bp taught 

without microcomputers in house; several responding departments did just 

'that. The first micrdjprocessor courses taught tended to be either a general 

survey or a survey with jipme concenftration onfone or two microprocessors y 

with which the instructor was especially familiar; many cdurses taught by engi- 

neers from the semiconductor houses follow the second format. These courses 

are eas^ to teach without a text and hre usually supplemented by reprints of 

papers from technical journals or trade magazines. Typical outlines for such 

courses are thoa^ shown for Iowa State University and the University of South • 

Carolina. The course at Iowa State is followed by second course on micro- 

computer system design. 
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EE437X: INTRODUCTION TO MICROCOMPUTERS (Iowa State. University) 

_^ A. OVERVIEW , . ' 

B. . SURVEY OF MEMORIES ANI? ORGANIZATIONS " ' 

C. PLAs AND MICROPROGRAMMING, ' 

D. » DETAILED SURVEY OF: . " 

lN(rEL 4004, 4040, 8008, 8080, 30.0? 

LSOTOROLA 6700, 6800, 6900 ' ' ' * 
mTIONAL IMP 4, IMP 8, IMP 16,. pACE 

rock:wellpps8 '\ . *: 

fair child f8 

MOSTEK 5065 
TISBP0400 . 



E. DETAILED MICROCOMPUTER CIRCUIT DE^GN • 

If 

P. TYPICAL IPPLICATIONS OP MICROCOMPUTERS 



■r 
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ENGR 765: MICROPlROCESSOR APPLICATIONS (U. of South Carolina) 
!• COMPUTERS, MlCROPROCESSC«S, AND MICROCOMPUTERS 
IL MICROPROCESSOR ARCHITECTURE FEATURES • 



A. Addressing modes L 

Interrupts J. 

C. Internal registers 

D. Microprogramming Li# 

E. Direct memory access M. 

F. Cyole time N. 

G. Subroutine calls ^ O. 

H. Arithmetic capability 

m.- SOFTWARE FEATURES 



IV. 



Word size 

TTL compatability 

Clock(s) 

Power supplies 

Support conipbnentB 

Packaging ' 

The instruction set 



A. Resident editor^ 

B. Resident/crosJ assembler 

C. Higher langu|4e programming 

D. Simtilators /' / 

E. Relocatablefbinary code 

F. jtJross page/bo\mdarie& 



OCESSORS 



TH?E MICROP: 

A^ -Intel 8008 
A Intel 4004/4040 



B. 
C. 
D. 
E. 
P.' 
G. 
H. 
I. 



\ 



Intel 80801 
Motorora.6800 
National Semiconductor /iP Family 
Intersil ^ 
RCA 

MOSTEK 
The bipolatbs 



IVB. (THE MICROO 
V. THE INSTRUC 
VI. wVlJlINE-COj 



MPUTERS) 
ON SET . 
PROGRAMMING 



\ 



ENGR 765: MICROPROCESSOR APPLICATIONS (U. of South Carolina) cont'd: 
VII. THE ASSEMBLER 

Vm. ASSEl^BLER-LANGUAGE PROGRAMMING 

iV 

' IX. INTERFACE PROBUEMS 

. \ a'L Serial/aeychronous devicea/UART's ^ 
B. Analog /digital converters 
^ G. I/O ports ^ ^ 

X. TIME-SHARE APPLICATIONS 



TEXT: Microcomputer Design^ Martin Reseai'ch 
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\ ' ■ • 

^ Intensive study of one microcoifeb^ter 

Courses that concentrate on one microcomputer are intended ^o develop 

students' skills at writing programs and developing systems based on one 

micropt'ocessor in the belief that hands-on experience with one microcomputer 

is more valuable than casual knowledge of several. Such a course necessitates 

an in-house, microcomputer systpm with a variety, of software and hardware 

d^elopment aids. A typical outline is that of a cotirse at Stanford University. 

Inclusion of microprocessors in a general course 

A growing use of microprocessor material is its incorporation in a more 

general course, usually a computer architecture course. This can be dcVne at 

any level from an introductory computer engineering course at the freshman 

or sophomore level to an advanced graduate architecture course. It is eq- 

\^ . ' ' . 

peciaU^ valuable in introductory, courses for students who will not take other 

■p 

computer engineering courses. Becausb of the increasing use of microproces- ' 
sor systems to replace hard-wired logic in maiiy electronics systems, the in- 
clusion of microprocessors in electronics courses as well as computer engi- 
neering courses is increasingly likely. Course outlines from tire University ^ 
of South Caroli^ and Princeton University (introductory coursee) and the • 
. University of New Hampshire (a more advanced course) illustrate tiie possi^ 

/ ^. , ill' I w.n • 

bilities.c 

J 
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EEa9p (section 76h SPECIALJSTUDIES m ELECTRICAL ENGINEERING. 



• Microprocessor "^Applications, Lab course on microprocessor pro- 
•giramming s(h(^ applications. ^ Han<ls-on experience using an Intel 
MCS-8 microcpmputer. "Students at first wifi familiarize them- 
selves with the necessary supporting software; a high-leveT - ■;%■ > 

' language (t*L/M) compiler and a simHlat#r, These are running on 
the IMSS PDF- 10^ and are availiable to students via time-shai?ing 

.J terminals. .After the programs are debugged using' the simulator^ . 
the-programs^ will then be* loaded and the final system debugged on 
the MCS-8. At this time, students Tfrill have added their own I/O 

' . - ----- r - . c « ■ ■ ' ■■ = ■ 

tb'the isystiem* The first phase of the oourse can be taken a^ EE390 

(sec. 76) for one. credit. Ei the following quarter^ the student would 
. imp and complete an individual project under EE391 (sec. 76), 

credit and hours to be arranged^ Prerequisite: knowledge of a hijjh- 
^;^vel language (Algol or Fortran) plu| 3ome familiarity with digital 

l€Jd. Consent of instructor 4*equired. ; : - 
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T^L SYSTEMS 



TEXTS: ir Digital Networks and Computer Systeme/ Booth ^ 



2) Introduction to Pnogramming ^ Staff Digital Equipment Corp 



Il^TRQDUCTION TO THE COMPUTER 



A., ComputA* organization 



^ 1?he instruction cycle ^ 

C. Machine -language p:pograms \ 

D« Assembler: programs 

E. Assembler -language programs 

II. DESfGN OP DIGITAL SYSTEMS/THE CONTROIXER • 

A. Register -level operations and notation < 

B. Control of information proceiseihg tasks 
V C. The elates of controllers^ 

D^ The autonomous controller . 
'\ E. . The status-input controller . 

F, The instruction -controlled controller 

■ * * ' ■ 

ni. \ STORED INFORMATION PROCESSORS AND COMPUTERS 



^A. Major units of the computer 

B. ' The memory 

C. The central processing ui^it (CPU) 

D. ThfB input /output (I/O) tiriit 

E. 'The' control unit . 

F. Instruction word formats 

IV. SEDCOM 

A. Basic organization 

B. The SEDCOM instruction* cycle 

C. ' The memory reference inBtructione 

D. The operate instznictione 

E. I/O Instructionfl 
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I ENGR 524: ORGANISATION AND DESIGN OF DIGITAL SYSTEMS (U. of 
South Carolina) dant'd: ' / ' " > 



V. MACHINE-LANGUAGE PROGRAMS 



< 
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A. Basic programming Goncepts * ^' " * 
^ B. P^ointers and counters .^ 

Loops A 

D. Subroutines • ^ ' > 

E. , l/O programming 

P. Numerical calculations 
' / G. Symbolic calciflatibns . ^ * . 

VI. ASSEMBLER-LANGUAGE PROGRAMS 

r A. Introduction to the assembler 

B. Assembler syntax 

C. Structure of ^ simple, assembler progrsLm 

D. Additional assembler concepts 
El PAL 8 exanjiples • ' 

VH.; THE MICROPBpCESSOR 

A. Definition of microcomputer and microprocessor* 

- B. Structure of an example micrdprocessor 

C. A microprocessor assenibler " 

D. Program examples * 
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EE317: COMPUTER STRUCTURE (Princeton University); 



An^troduction to the structure, organization^ knd operation 
of coinputers and other digital information handling ^ystenachi^ 



Topics include basx#^ system requirements, hardv^are building 
blocks/ analysia^ai^design of logic circuits, memory Qtruc- . 
fure and mVmbib^^^^^ control design and inicrppro- 

jammed control^ and the organization 6f typical cobiputers# 
Three lectures, one laboratory. * . 



r 
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EE712: LOGICAL l^)EI^IGN OF,DIGITAL COMPUTERS . 

■fU. j|)f New Hampshire) 



Is primarily an introduction to computer archi;tecture through analy- 
sis of machine language instruction sets and internal data flow and 
timing. Selected maxi, niidi, mini, and micro comput^ff s ajp^^ 
analyzed to^ vaiying degrees* Approximately two weekag, are spent 
on microprocessors, wil|i emphksis on the Intel MCS 8 and MCS 4* 
systems. Our MCS H haf been slaved to our PDP-8L, providing ' 
a prototyping arrangfemelit super ipr bu/similar to the Intellec 8, 
Our system allows proraam loading and dumping, internal register 
and stack loading and dumping, aingle step^ run, breaking on pr e- 
selectejc}^ addresses, etc^B We^use an MCS 4 program analyzer for 
prototyping thdt system/ pWe preseiftly have cross-assemblers for 



both microcomputers on 
asserablers on our Varia 
hardware -software packa 
trol of our Varian eyetemj 



r PDP-8L and are developing cross- 
620L-100, We have also developed a 
|e for programming PROMS under con- 
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Project courses ^ 

Although only one project course was described in the survey responses 
(see the Stanford University course outline), project courses using micro-^ 

processors are known to be common. Presumably much of ti)e*3pecial soft- 

• ' . y • V ' ' 

ware developed for departmental microprocessors was done by students for 

/ ^ 

project credit. Project courses are an excellent way to develop students' 
skilld^ and initiative while at the same time obtaining harxiware or software 
for a systemrfi In addition to "the one project course reported, the author also 
was sent a copy of^ paper on the design and construction of a spaall computer, 
system bas6d on the Intel 8080 written by three ijfiicjergraduate students at 
^Vanderbilt University, which may have resulted from a project bourse. 

Specific applications course . \ ^ 

* , * ^ ■ * 

As microprocessors become more standard parts qf the electronics ay-, 

senal, courses that use microprocessors to Implement a particular appliceition 

can be expected to become more common. The only such course reported, in 

the siirvey was a course that may be taught at Yale University in 1975-^976. 

This course is intended to be a senior-year signal processing lab,9ratory#,iiThe 

microprocessor (probably the Intel 8080) will be used as a vehicle^ fpr th^.stu- 

dent's exploration of encoding/ decoding, and dlgifal filtering techniques^ 
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APPENDIX A 

Schools Reporting 
Georgia Institute of Technology 
Iowa State U'. ^ 
^Kansas State U« o 
Michigan Technological U, 
U.. of New Hampshire 

Princeton U. 
U. of South Carolina 
Stanford ul 
Vanderbilt U. - 
* Wright State U. 

Yale U. 
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